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ABSTRACT
Background: The aim of this study was to investigate the effect of anabolic steroids on
kidneys in bodybuilders.
Methods: Twenty two bodybuilders were included in the study. Participants were divided
into three groups according to the scheme of steroid usage: Group 1 (n=8, intramuscular 500

30

mg testosterone enanthate, intramuscular 400 mg nandrolone decanoate and oral 40 mg
methandrostenolone for 12 weeks), Group 2 (n=7, intramuscular 500 mg testosterone
enanthate, intramuscular 300 mg nandrolone decanoate and intramuscular 300 mg boldenone
undecylenate for 16 weeks) and Group 3 (n=7, no steroid intake). Blood urea nitrogen (BUN),
creatinine (Cr), urine micro-albumin and electrolyte levels were measured. Renal volume,

35

cortical thickness and echogenicity were obtained in ultrasonographic scans.
Results: Renal volume, cortical thickness, echogenicity and protein intake value were
significantly higher in group 2 than group 1 and 3. Plasma levels of BUN and Cr in group 2
were significantly higher than other groups (p ˂ 0.001). Urine microalbumin and electrolyte
levels were normal in all groups.

40

Conclusions: The results of this study indicate that high protein intake, steroid usage,
particularly the schemes, including boldenone undecylenate increases cortical echogenicity,
thickness of renal parenchyma and renal volume in bodybuilders.
Key Words: Steroids, bodybuilders, renal damage, kidney grade, protein intake
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BACKGROUND
For the purpose of enhancing performance, numerous ergogenic aids are used by amateur and
professional athletes, especially bodybuilders 1. Ergogenic aids are categorized as nutritional,
pharmacologic, physiologic, and psychological. Some of these techniques have been shown to
55

be efficacious in limited situations in sports area where as the benefits of some remain
controversial. Substances such as anabolic androgenic steroids, amphetamines, human growth
hormone and erythropoietin that combat fatigue, relieve pain, enhance injury recovery, alter
intensity and aggression, sharpen the focus, increase strength and endurance, reduce or add
weight are the most attractive ones. Although these “performance-enhancing” substances may

60

objectively or subjectively improve performance, they may also produce negative effects at
higher dosages, such as disturbance of the endocrine and immune functions, some might be
irreversible

. In general, Bodybuilders prefer a high-protein diet to achieve maximum

2, 3

skeletal muscle hypertrophy and training adaptations during intense exercise. Protein intake
necessary to support N balance in strength athletes ranges from 1·2 to 1·7g/kg body weight
65

per/d

4-6

to maintain muscle mass

. On the contrary, overwhelming protein consumption

7-9

significantly increases nitrogen and net acid excretion to maintain acid-base homeostasis and
any failure of this mechanism can lead to metabolic acidosis 10-13.
Anabolic steroids pharmacologically known anabolic-androgenic steroids are derivatives of
testosterone. All testosterone derivatives have two overlapping effects: anabolic and
70

androgenic. The anabolic/androgenic ratio of a derivate is the factor determines the effect.
Compounds with the high ratio are preferred by athletes, especially bodybuilders to increase
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body weight by muscle hypertrophy, performing new muscle fibers with reducing fat tissue.
Due to these properties, nandrolone decanoate, testosterone enanthate, testosterone
propionate, testosterone cypionate, trenbolone acetate and boldenone are the derivatives that
75

mainly used among bodybuilders. Among the anabolic steroids widely consumption of
boldenone (1.4-androstadiene-17beta-ol-3-one) is conspicuous with the properties of high the
anabolic/androgenic ratio, being developed for only veterinary usage and forbidden for meat
production and human use in worldwide 14-16.
The effects of anabolic androgenic steroids on kidneys in persons performing bodybuilding

80

sport are unclear and difficult to detect. Acute renal failure as a complication of
rhabdomyolisis, diffuse membranoproliferative glomerulonephritis and Willm’s tumor were
also reported related to anabolic steroid consumption

. Serum blood urea nitrogen (BUN)

17-19

level, creatinine (Cr) level, BUN/Cr ratio, estimated glomerular filtration rate (eGFR) and
urine analyses combined at ultrasound imagining are widely used to detect renal health
85

condition. Serum BUN and Cr levels might be high without any renal dysfunction in athletes,
especially bodybuilders with at high muscle mass and high-protein diet consumption.
Bodybuilders may have a rise in serum Cr levels as a result of increased muscle mass and
creatine supplementation 20. Steroid usage may also induce reversible increment in levels of
BUN and Cr in serum 21. Thus diagnostic importance of indirectly calculated BUN/Cr ratio

90

and eGFR values are reduced and urine findings and imagining results come into prominence
to detect renal health status.
Thus, the aim of the present study was to examine the effects of anabolic steroids on renal
functions and sonographic features in resistance-trained body builders. For this purpose, we
measured serum BUN and Cr levels, the BUN/Cr ratio, eGFR by Modification of Diet in
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Renal Disease (MDRD) formula, urine microalbumin and electrolyte levels biochemically and
kidney volume, cortical thickness and cortical echogenicity by ultrasound in all subjects.
METHODS
This study was conducted at the department of diagnostic radiology of Sifa University
Hospital. Ethics protocol number is 2015/10-23 in accordance with the Helsinki Declaration,

100

and written informed consent was obtained prior to participation.
Twenty two healthy, resistance-trained male volunteers who were using anabolic steroids and
feeding with high-protein diets were included in the study. Data were collected prospectively
during medical inspection form the steroid schema, diet lists, blood and spot urine tests and
ultrasound results. The study participants had been using steroids with their own request.

105

None of the participants were given any anabolic steroid or high-protein diet for the study.
Participants were divided into three groups according to the scheme of steroid usage as
follows: Group 1 (n=8, intramuscular 500 mg testosterone enanthate, intramuscular 400 mg
nandrolone decanoate and oral 40 mg methandrostenolone per week for 12 weeks), group 2
(n=7, intramuscular 500 mg testosterone enanthate, intramuscular 300 mg nandrolone

110

decanoate and intramuscular 300 mg boldenone undecylenate per week for 16 weeks) and
group 3 (n=7, no steroid intake). In group 1 and 2 data were collected at the end of 12 th week.
Participants have been regularly resistance training on average of 6.5 ± 3.5 hours per week for
the last three years. Also, The Nutribase® program was used to calculate the protein amount
of natural foods. To calculate the protein amount of protein powders the brand, brand’s

115

protein content in one service and number of the services used in a day were noted. Daily
protein intake of the subjects was calculated by dividing the sum of two values by
participants’ weight. The individuals who had known renal disease, have used medication or
alcohol in recent time were excluded from the study to eliminate other factors that might
5
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affect renal function tests and morphology results. Participant’s age, height, weight and body
120

mass index were noted.
Venous blood samples were drawn from an antecubital vein after the patients had fasted
overnight. Samples were centrifuged at 4500 rpm for 15 minutes and serum concentration of
BUN, Cr were measured by photometric methods adapted to an auto-analyzer (Roche Hitachi
Cobas 6000 Tokyo, Japan). Microalbumin, calcium, sodium, chlorine and potassium levels

125

were measured by an auto-analyzer in spot urine samples (Cobas 6000 auto-analyzer with
Roche microalbumin kit, calcium kit and ion-selective methods). Testosterone, follicle
stimulating hormone (FSH) and luteinizing hormone (LH) levels were measured by Electrochemiluminescence immunoassay (ECLIA) by the immunologic test auto-analyzer (Cobas-e
auto-analyzer).

130

The ultrasound measurements were performed using real-time ultrasound machine with
curvilinear transducer of 4-1 MHz bandwidth frequencies (Siemens Acuson premium edition).
Renal preset settings in the machine software were selected before the exam. Renal
measurements were obtained with the subjects’ prone position. Length, width, thickness of
kidney and cortical thickness were measured. Lengths of the kidneys were measured from the

135

longest distance between superior and inferior poles in the longitudinal plane. At the renal
hilus level, the transducer was then rotated 90 degrees to the longitudinal axis, and the
transverse section was obtained. In this plane width (distance between medial and lateral
borders) and thickness (distance between ventral and dorsal borders) were measured. The
cortical (parenchymal) thickness was measured as the distance between renal capsule and

140

renal sinus in the transverse plane.
The volume of the entire kidney was calculated using this mathematical formula:
Length (Cm) × width (Cm) × depth (Cm)/2
6
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Cortical echogenicity was graded in four groups: Less than (0), equal to (1) or greater than (2)
liver/spleen parenchyma and loss of cortex medulla differentiation (3).
145

Data were analyzed utilizing a One-way ANOVA with Tukey’s test used for post-hoc
analysis. Correlation analyses were performed using the Pearson product-moment correlation
coefficient. Statistical significance was considered at P˂ 0.05. Data are represented as means
± SE.
RESULTS

150

Subject characteristics and dietary protein intake values of the bodybuilders were presented in
Table 1. Dietary and supplementation protein intake levels were significantly higher in group
2 than the other groups (P=0.001). Plasma levels of BUN and creatinine were increased in
group 2 (P ˂ 0.001) compared the other groups (Table 1). Right and left kidney grade, the
thickness of renal parenchyma and renal volume were significantly increased in group 2 group

155

than the other groups (P˂0.001 respectively, Figure 1, 2, 3). Testosterone levels were over
15ng/ml and FSH and LH levels were both below 0.100 mIU/ml in all subjects supporting
depression of pituitary-gonadal axis.
DISCUSSION
The results of this study suggest that regular usage of anabolic steroids may cause unfavorable

160

effects on both renal functions and morphology in bodybuilders. The main findings from the
current study supporting this conclusion are as follows: (i) renal grade, volume and cortical
thickness were significantly increased in bodybuilders who regularly take anabolic steroid
combinations (ii) comparing the groups taking different anabolic steroid combinations, the
group of bodybuilders who take boldenone as a part of combination had the highest levels of
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BUN, Cr, renal size and cortical echogenicity. According to our study results, we think that
considering high BUN and Cr levels might be affected by multiple factors like high-protein
7
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intake and creatinine supplementation, which decrease specificity in addition normal urine
findings sonographic features come into prominence to detect renal impairment.
Kidney functions of a bodybuilder is difficult to evaluate. Although the exact cause-effect
170

conclusion can only be done by histopathological confirmation after following up the
individuals getting anabolic steroids alone with standard resistance training for standard
duration and doses, satisfying these circumstances are not simple in real life. In fitness
centers, there are many people feeding with individualized and non-standardized doses of
high-protein diets, which consist combinations of natural foods and commercial protein

175

powders with different pharmacokinetic features combined with anabolic steroid usage in
variable duration. The resistance training programs are also individualized and nonstandardized. Thus considering variations among individuals for retrospective studies and the
ethical issues on prospective human studies, the studies on anabolic steroid effects have been
made mainly on animals and limited with case reports 22. In this respect not being able to keep

180

the subjects within a sport life camp to avoid other factors affecting the kidney size and
function tests and lack of knowledge of baseline, pre-anabolic steroid usage blood levels and
sonographic measurements might be the limitations of our study. Combined use of highprotein diets, anabolic steroids and supplementations like Cr obstructs to detect the potential
cause of renal damage. Even if there are some studies on isolated effects of these factors on

185

humans and animals, no data exists about the possible synergist or additive effect of combined
usage. To the best of our knowledge, our study is the first study that compares the effects of
high-protein intake alone and with anabolic steroids.
Previous studies have provided evidence that anabolic steroids cause adverse effects on
whole-body systems, especially cardiovascular, hepatic and endocrine systems

. Renal

23, 24
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side effects of anabolic steroids have been documented in a few isolated case reports. In a

15

8
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cohort study development of focal segmental glomerulosclerosis secondary to anabolic
steroids in 10 bodybuilders was also reported

. These reports noted a minimal effect of

20

steroid usage on renal function with a mild elevation in serum creatinine 25. The combination
of steroids and creatine supplementation, commonly abused by weight lifters, may increase
195

renal damage 26. One case membranoproliferative glomerulonephritis has been reported in an
athlete with long time steroid user, also cancer, Wilms’ tumor, has been seen in a few athletes
who were self-administering anabolic steroids over several years

. In one case report,

26, 27

indicated that oral stanozolol and oxymetholone and parenteral nandrolone, testosterone, and
boldenone, along with a high-protein diet developed profound symptoms after only 6 months
200

of use 28. Also, this patient had an acute renal failure with a Cr of 10.2 mg/dl with signs of
rhabdomyolysis and muscle damage by the renal failure and hypokalemia

. Although the

29

effects of anabolic steroids on kidneys is not well defined histopatologically several studies
suggest that these drugs may show the direct toxic effect on glomerular cells causing
mesangial matrix accumulation and podocyte depletion 20.
205

Although its human administration is forbidden in worldwide, boldenone is well-known
among the bodybuilding contests due to its increment effect on vascularity, appetite and
erythropoietin production. Boldenone exposure of human might be directly or indirectly;
directly as injection to muscles and indirectly through consuming meat of animals injected
boldenone. There are many animal studies conducted on the effects of boldenone in the

210

literature

. Karyomegaly with eosinophilic intra-nuclear inclusions were detected at

16, 29-35

histopathological examination of mature and immature rabbit kidney sections that treated with
boldenone. Glomerular damage and tubular necrosis with invading, inflammatory cells were
also characteristic lesions.

9
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All anabolic steroids induced effects on kidneys, including boldenone are also dose related 29.
215

In our study group 1 and 2 had the same testosterone enanthate load while nandrolone
decanoate loads were lower and boldenone was administrated instead of methandrostenolone
in group 2 at 12th week. Thus according to our study results, the prominent findings of group 2
were reasoned by boldenone supporting the studies on dose-related effects and reports on
boldenone.

220

Our result also demonstrated that the group 2 (Str+Bold) were consumption high protein diet
compared to other groups. Related studies showed that high-protein diets are also postulated
to cause renal damage

9, 10, 36

. In addition high amount of protein intake in animal models and

short-term studies of humans, can induce renal hypertrophy

9

and glomerular hyperfiltration

, also higher proportion of calories from protein increases eGFR in healthy adults 36.

10

225

High BUN levels can be detected as prerenal azotemia. Creatine supplementation is
associated with increment of both serum and urine Cr levels, which makes the problem to
evaluate serum Cr and eGFR

. So these circumstances make a cleavage, whether the

37

presence of renal dysfunction or not. Thus urine results and imagining features come into
prominence to detect renal health status. According to our study results, abnormal blood
230

levels which might be affected by many factors in addition normal urine results, sonographic
features might be single and initial evidence of renal impairment.
Ultrasound is the standard imagining modality due to its noninvasive nature and easy
availability. Hyperechogenicity of renal cortex is a sensitive but nonspecific finding that
suggests the presence of renal abnormality. Hyperechogenicity of renal cortex can be seen in

235

various conditions like dehydration, nephrotic syndrome, glomerulonephritis, glycogen
storage disease, hemolytic uremic syndrome, lymphoma, acute pyelonephritis and sickle-cell
anemia 38. When it is demonstrated kidney size should also be investigated. Potential causes of
10
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renal hypertrophy and renal cortical thickening include protein deposition, interstitial fluid
accumulation, cellular infiltration, proliferative disorders, urinary outflow obstruction,
240

hormonal stimulus and developmental anomalies

. Additionally renal cortical thickness if

37

found more related to renal functions than the renal length 39. Body builders are in the risk of
both protein deposition and glomerular damage that lead to renal disease. Our study results
provided that anabolic steroid consumption might be added the list of the causes of increment
in renal cortical echogenicity with size.
245
CONCLUSIONS
To the best of our knowledge, this study is the first to show the prominent effect of
boldenone in combined usage within other anabolic steroids on kidneys and comparing the
effects of high-protein intake alone with anabolic steroid usage. Considering the renal biopsy
250

is an invasive procedure and blood tests might be affected by other factors like
supplementation with normal urine results sonographic features might be single and initial
evidence of renal impairment. Therefore, we think that ultrasound is a safe and reproducible
method to detect and fallow-up renal impairment.
To the best of our knowledge, the steroids with boldenone and high-protein diet body has not

255

been reported as a potential cause of renal hypertrophy and renal cortical thickening in body
builders so far. Therefore, this is the first study in elite bodybuilders, which demonstrates that
a long term high-protein diet (4 gr/kg/day) with steroids and boldenone as a newly described
cause of renal hypertrophy and renal cortical thickening.
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Figure Legends
Figure 1. Effect of different steroid using on renal volume of kidneys.
Values are means ± SE. One-way ANOVA for difference due to Ster+Bold intake **P ˂0.001.
265

Steroid: Steroid user group (group 1); Str+Bold: Steroid and boldenone user group, Nosteroid: No steroid and boldenone intake (group 3).
Figure 2. Effect of different steroid using on renal cortical thickness of kidneys.
Values are means ± SE. One-way ANOVA for difference due to Ster+Bold intake **P ˂0.001.
Steroid: Steroid user group (group 1); Str+Bold: Steroid and boldenone user group (group 2),

270

No-steroid: No steroid and boldenone intake (group 3).
Figure 3. Effect of different steroid using on right and left kidney grade.
Values are means ± SE. One-way ANOVA for difference due to Ster+Bold intake **P ˂0.001.
Steroid: Steroid user group (group 1); Str+Bold: Steroid and boldenone user group (group 2),
No-steroid: No steroid and boldenone intake (group 3).

275

Figure 4. Ultrasonographic kidney measurements of the groups.
Table 1. Subjects characteristics and blood biochemistry values of the participants.
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Table 1. Subjects characteristics and blood biochemistry values of the participants.

Age (years)
Height (cm)
Weight (kg)
BMI (kg/m2)
Dietary protein intake
(gr/kg/day)

Group 1
(n=8)
25 ± 3.8
177 ± 10
84 ± 8.5
26.7 ±2.57
2.3 ± 0.3

Group2
(n=7)
25 ± 4.6
177 ± 5.7
95 ± 15.7
30.2 ±5.2
3.4 ± 0.4**

Group 3
(n=7)
25 ± 4.8
179 ± 4.8
85 ± 4.2
26.5 ± 1.5
2.8 ± 0.5

Normal values
(Us units mg/dl)
BUN (mg/dl)
39.7 ± 4.4
55.7 ± 7.7** 39.5 ± 3.8
0-38
Cr (mg/dl)
1 ± 0.3
1.65 ± 0.3** 0.89 ± 0.1
0-0.9
Values are expressed as mean ± SD. One-way ANOVA for difference due to steroid and
boldenone intake **P˂0.001. Steroid: Steroid user group (group 1); Str+Bold: Steroid and
boldenone user group (group 2), No-steroid: No steroid and boldenone intake group (group 3).
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